Regulation of metabolism and contraction by cytoplasmic calcium in the intestinal smooth muscle.
Reduced pyridine nucleotides (PNred) and oxidized flavoproteins (FPox) were measured fluorometrically in the intestinal smooth muscle strip of guinea pig taenia caeci simultaneously with contractile tension. Cytoplasmic free Ca2+ levels ([Ca2+]cyt) were also measured by a fura-2-Ca2+ fluorescence technique. PNred, FPox, and [Ca2+]cyt increased during spontaneous contraction or upon the addition of high K+ or carbachol and decreased upon the removal of these stimulants. [Ca2+]cyt increased before the increase in muscle tension. PNred increased almost simultaneously with or immediately after the onset of contraction, while FPox increased before the initiation of contraction. Both PNred and FPox decreased a few seconds after the initiation of relaxation. In the K+-depolarized, Ca2+-depleted muscle, graded elevation of external Ca2+ increased PNred, FPox, and muscle tension. The sensitivity to Ca2+ was in the order of FPox greater than PNred greater than muscle tension. Changes in PNred were inhibited when glycolysis was inhibited by substitution of external glucose with oxaloacetate, pyruvate, or beta-hydroxybutylate, but not when oxidative phosphorylation was inhibited by N2 bubbling or by NaCN. In contrast to this, changes in the FPox were inhibited by N2 bubbling or NaCN, but not by the inhibition of glycolysis. These results suggest that an elevation of intracellular Ca2+ activates carbohydrate metabolism and contractile elements independently, resulting in the reduction of cytoplasmic pyridine nucleotides, oxidation of mitochondrial flavoproteins, and development of tension in the intestinal smooth muscle.